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Abstract - The sun light induced conversion of thieno[2,3-clisothiazoles 
la-d into thiophenes 2a-d with loss of elemental sulfur is reported. A ... * % *  ", 

presumable mechanism for the thiophene nucleus formation is discussed to 

involve the opening of the two heterocyclic rings with formation of an 

open-chain valence bond isomer through the initial homoljtic cleavage of 

the isothiazole N-S linkage. 

The t h i e n o [ 2 , 3 - c ] i n o t h i a z o l e  bicyclic system, as well as the other positional 

isomers, has not received much attention until recently. Literature reports concern 

mainly the synteais of aeries of its derivatives containing, in the most cases, 

amino, oyano, carhonyl and alkylthio functions as ~ubstituents.'-~ The 

unsubstituted thieno[2,3-clisothiazole was obtained by decarboxylation and 

deamination of 3-carboxylic acid and 3-amino derivative respectively by James and 

~ r e b s . ~  Two series of 4-amino-5-acyl substituted derivatives with an additionally 

functionalized 3-alkylthio substituent have been prepared also by As regards 

its chemical properties, only reactions of the substituents have been r e ~ o r t e d , ~ - ~  

but studies on the reactivity of the bicyclic rings are lacking. 

Herein, we wish to report the sun light induced conversion of thieno[2,3-cliso- 

thiaeoles la-d into thiophenes 2a-d (Scheme 1) observed during the course of our .* ." ""1 C 
4 # 

experiments undertaken with the aim for obtaining isothiezolo[4,3:4,51thieno(3,2- 

dl-1,2,3-triazine derivatives from la.* 

Scheme 1 d I LOCH3 



Thus, in an optimization of the annellstion reaction of compound la, we found that 
& ,.. 

la in ethanolic solutionwas converted in the lone run, with loss of elemental sulfur, , w 

into a new compound of molecular formula C7H6N3S2, mp 262-264'C, to which the 

structure of 2,4-dicyano-3-amino-5-methylthiothiophen 2a was assigned on the basis 
%, 

of its analytical data and ir spectrum, and the complete conversion occurred within 

two days. Ir spectrum was characterized by two absorption hands at 3400 and 3344 

cm-I for the primary amino group, two bands at 2205 and 2183 cm-' for the two cyano 

groups, the first of which lower in intensity, and a band at 1315 cm-' for the 

methylthio moiety. The most intense band at 2183 cm-l was associated with the 

nitrile function located at the 2-position, which suffers more efflcently the 3- 

amino substituent electron-donor effect.' The structure of 2a was confirmed by an 
.+ 

unambigous synthesis starting from 2-methylthio-2-cyanomethylthi0-1- 

cyanoacrylonitrile with a catalytic amount of sodium ethoxide following the Gompper 

procedure. lo 

Later on, compounds ih-d were also found to be converted into thiophenea 2h-d and *" u * %  * 

the 1-2 conversion proved to be a photochemical process independent from the used 

solvent, as shown in the ~ab1e.l' In the dark, campounds la-d dissolved in ethanol 
*% ," 

were found unchanged after a period of a month. 

Table. Conversion time of thienol2,3-clisothiazoles La-$ into thiophenes 

Conversion Solvent Conversion time (days)' 

la -2a 
.L ." Ethanol 2 

Acetic acid 4 

Ethyl acetate 3 

Dichloramethane 2 

Dioxane 2 

Benzene 4 

lb-2: %- Ethanol 4 

lc - '22 
-+ 

Ethanol 5 

Id- 2s -, Ethanol 7 

a) Solutions of !$-+ in the appropriate solvent were exposed contemporaneously to 
the sun light. b) Times were determined by checking up the disappearance of 
starting material. 

Substituents in 5-position and solvents showed to affect slightly only the 
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photochemical process rate. The complete conversion of compounds lb-d in ethanol 
",A. A. 

required a period ranging between four days and a week. An examination of the 

solvent effect showed that in dichloromethane and dioxane the la-2a conversion 
-* .." 

proceeds as in ethanol, while in acetic acid, ethyl acetate and benzene it is 

retarded (Table). In addition the ! _ a 4 2 5  conversion was found to be strongly 

retarded by scavengers thus suggesting the involvement of radical species in the 

photochemical procesa. A 15 and 20% oonversion of la into 2: was observed when an .. w 

ethanolic solution of !a was kept in the light in the presence of diphenyl 

disulfide and 2,4,6-tri-tert-butylphenol, respectivelj, for a period of time twice 

as long as required for achieving its complete conversion in the absence of the 

scavengers. 

The mechanism of this ring degradation presumably involves the intermediary of the 

open-chain valence bond isomer 5 formed via an initial light induced homolytic 
cleavage of the nitrogen-sulfur linkage which is known to be the weakest single 

bond in the photochemically more reactive isothiaeole nucleus12(~oheme 2). 

SCH. 

SCH 

Scheme 2 

SCH 

Cyclization of the enedithione 5 into the thiophene 2 can proceed through the 
formation of the hicyclic thiirane 8 which extrudes spontaneously t~ 



give the push-pull stabilized thiophene :,. Indeed, it cannot be ruled out that the 

intermediate enedithione 5 undergoes a ready electrocyclic process with formation 
v 

of an unstable 1.2-dithiin 915,16 which collapses in the most stable aromatic 

thiophene by extrusion of sulfur (Scheme 3 ) .  

Attempts to obtain evidences for 

Scheme 3 

the postulated intermediates by ir and trapping 

studies were not however successfull. The monitoring of the conversion progress of 

Id by ir in dichloromethane at two hours intervals over a four days period showed a * "  

decrease in intensity of the absorption band at 1527 cm" relative to the 

isothiazole ring stretching and a development of the band at 2200 cm-' relative to 

the thiophene 4-nitrile substituent. No transitory ir absorption attributable to 

the intermediate enedithione 2 or dithiin 9 ,  and no transitory shift of the 
isothiazole ring stretching band towards higher frequences indicative of the 

formation of the azirine 6, other conceivable intermediate,17 was observed. No 

evidence of products deriving from hydrogen abstraction from solvent by diradical ? 
or nitrene 4 was provided by experiments carried out by exposing terms la,b to the * * 

light in diaxane containing water (lO:l,v/v), in methanol and in benzene 

containing aniline or diethylamine (lO:l,v/v). In every case no isolable amounts of 
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the expected thio esters 1, or their transformation products were detected, but 

only thiophenes te,"long with sulfur were recovered by solvent distillation after 

disappearance of the starting materials. The failure to detect trapping products is 

not however in conflict with the formation of the diradical 3 as intermediate, but 
instead it would suggest that the rate of the intramolecular rearrangement is much 

faster than the rate of the intermolecular trapping reaction with the solvent. The 

high sensitivity to the sun light of the isothiazole nitrogen-sulfur linkage in 

thieno[2,3-clisothiazole structures la-d was unexpected. It probably derives from .".. ".. 
the thieno[2,3-clannellation, since no isothiazole ring opening was observed in 

isomeric thieno[3,2-dlisothiazoles containing the same substituents by exposure of 

their ethanolic solution to the light for long periods (three months). Isoeteric 

2,l-benzisothiazoles, as well as structurally related 3,4-benzoannellated 

isoxazoles and pyrazoles appear to be stable to the light too. Upon irradiation, 

however, they afford products derived from the cleavage of the only heterocyclic 

r i n g ~ . l ~ - ~ O  The synthesis and photochemical behaviour of thieno[2,3-clannellated 

isoxazoles, pyrazoles, and dithioles are the objects of ongoing investigations. 
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